ABSTRACT
INTRODUCTION
Ischemic stroke makes the nerve cells deprived of oxygen and glucose, which results in temporary or permanent damage in the ischemic areas of the brain, leading to various functional disabilities. 1 Several works have demonstrated that a forebrain ischemia attack induces selective delayed death in hippocampal Cornu ammonis 1 (CA1) pyramidal neurons, especially after 3-7 days of ischemic attack in rats and gerbils. [2] [3] [4] [5] The mechanisms contributing to the selective and delayed hippocampal neuronal death in different animal models of cerebral ischemia have implicated several factors such as increase in glutamate activity, intracellular calcium, increased generation of reactive oxygen species (ROS) such as superoxide anion (O 2 -), hydroxyl radical (OH -), H 2 O 2 and NO. 6, 7 The ROS are directly involved in the oxidative damage of cellular macromolecules such as lipids, proteins and nucleic acids in the ischemic tissues. It can trigger the generation of pro-inflammatory cytokines, which leads to the inflammatory and degenerative changes in the ischemic brain tissues. 8 In transient forebrain ischemia, the neuronal injury occurs around the ischemic core, called the penumbra, which continuously develop over several hours. The neuronal tissues within the penumbra will lose the property of normal neuronal functions such as conduction or generation of electrical impulses but it is viable and considered to represent salvageable tissue that can be targeted with different neuroprotective interventions. 9 The slow development of ischemic damage within the penumbra provides a window of opportunity for neuroprotective therapies. Attenuating and/or delaying this time-dependent brain injury may improve neurological outcome and facilitate brain recovery from injury. 10 There are wide range of experimental models that have been used to confer the protection to the ischemic insults or to the penumbra that includes scavenging reactive oxygen species (ROS), inhibitors of synthesis and release of excitotoxic neurotransmitters, suppressors of neuronal metabolism, anti inflammatory agents and membrane stabilizers.
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Alpinia galanga (L.) Willd., (Family -Zingiberaceae), commonly called as Greater galangal is a medicinal herb that is widely used in Indian systems of medicine for the treatment of diabetes, arthritis, inflammatory disorders, dementia and neurodegenerative diseases. 12, 13 The extract of rhizome of this herb has been reported to possess pharmacological activities such as anti-inflammatory, analgesic, anti-diabetic, anticancer, anti-melanogenic, anti-fungal, antibacterial, antioxidant, anti-apoptosis, antileishmanial, antidementia, hepatoprotective and CNS stimulant activity. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] It is one of the important rasayana (rejuvenator) herb used in classical formulations for the management of chronic disease conditions. 24 Galangoisoflavanoids, β-sitosterol diglucosyl caprate, methyleuginol acetoxycineoles, galangal acetate, transp-coumaric acid, galanganol B and 4-dimethoxycinnamyl alcohol are the known bioactive components of A. galanga. The phenolic compounds, such as acetoxychavicol acetate and hydroxychavicol acetate have shown potent anti-oxidant and anti-inflammatory activities. [25] [26] [27] [28] [29] [30] [31] The aqueous and ethanolic extracts of rhizome of A. galanga have potent antioxidant capacity. It inhibits lipid peroxidation in pancreas, liver and brain homogenates of diabetic rats. 16 It lowers lipid peroxidation by maintaining the activities of endogenous antioxidant enzymes such as superoxide dismutase, catalase and other antioxidants such as glutathione at higher levels in Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] induced amnesia in mice and it could reduce oxidative stress induced progression of neurodegenerative disorders such as Alzheimer's disease. [32] [33] Several authors demonstrated that aqueous and alcoholic extract of rhizome part of the plant is a powerful scavenger of ROS against 1,1 diphenyl-2-picrylhydrazyl radical. 34 Additionally, several studies have shown that the extracts of rhizome of A. galanga can exhibit remarkable anti-inflammatory and analgesic effects.
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It inhibits acetylcholine esterase enzymes and reduces cognitive impairments and dementia. 35 Thus several of these pharmacological activities appear to be beneficial in cerebral ischemia. In this study, we investigated the possible protective effect of hydroalcoholic extract of rhizome of A. galanga [HAAG] against transient forebrain ischemia induced neuronal damage in the CA1 and CA3 regions of hippocampus. Fourteen days of reperfusion after in vivo forebrain ischemia was carried out in Wistar rats, following which behavioral, histological and oxidative stress-related biochemical parameters were studied under different treatment conditions.
MATERIALS AND METHODS

Plant material and extract preparation
The rhizomes of A. galanga were procured from Calicut, Kerala, India and authenticated in Pharmacognosy laboratory at Sri Dharmasthala Manjunatheshwara Centre for Research in Ayurveda and Allied Sciences, Udupi, India. The voucher specimen no. 17032303 was deposited for future reference. The rhizome was shade dried and pulverized at SDM Pharmacy, Udupi. The hyrdoalcoholic extract of A. galanga was prepared by soaking 500g of powdered rhizome of A. galanga in 2 liters of 50% ethanol in distilled water at room temperature for 24h, filtered and concentrated by evaporating on water bath till free from solvents.
Animals
Male Wistar albino rats weighing 200 to 250 g body weight were obtained from Central Animal Facility at SDM centre for Research in Ayurveda and Allied Sciences, Udupi, India. The animals were maintained at standard laboratory conditions such as temperature at 25-27 0 C, humidity of 50 to 55% and natural light and dark cycles. Animals were fed with commercial pellet diet (Pranav agro Industry, Pune) and water ad libitum. Prior to the experimentation, approval was obtained from Institutional Animal Ethical Committee (Reference no. SDMCRA/IAEC/PH-01/22/08/ 2014-15).
Experimental protocol
The transient forebrain ischemia was induced by bilateral common carotid artery occlusion (BCCAO) followed by reperfusion injury. The rats were randomly divided into four groups (n=12 in each group). Vehicle control rats were administered with 0.5% carboxyl methyl cellulose orally and subjected to sham operated ischemia. BCCAO group administered with 0.5% carboxyl methyl cellulose served as ischemic control. An acute toxicity study performed based on OECD test guidelines has reported that Alpinia galanga has LD 50 >2000 mg/kg body weight and hence 200 and 400mg/kg body weight was chosen as dose for the current study. 36 BCCAO -HAAG 200 mg/kg group was administered with 200 mg/kg body weight of HAAG for 14 consecutive days (p.o) after transient forebrain ischemia. Similarly, a higher dose of 400 mg/kg body weight of HAAG was administered in BCCAO -HAAG 400 mg/kg group for 14 consecutive days (p.o), after transient forebrain ischemia.
Surgical procedure to induce transient forebrain ischemia
The rats were anaesthetized using Ketamine (80 mg/kg) and xylazine (3 mg/kg) combination by intra peritoneal route of administration. The ventral region of neck was sterilized using 70% alcohol before surgery. A midline incision was made and soft tissues were pulled apart and both common carotid arteries were exposed and separated from vagus nerve. The cerebral ischemia was induced by simultaneous occlusion of both common carotid arteries for 60 min, followed by acute ischemic reperfusion injury caused by untying the temporary ligature and releasing the thread. The incision was sutured with 2.0 silk sutures. The body temperature was maintained at 37 0 C by controlled heating lamp throughout the period of ischemia and recovery from anesthesia.
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Behavioral testing
Open field test
The open field behaviors such as number of rearing, number of fecal pellets expelled, number of squares crossed, duration of immobility (freezing time) and the time of initiation was done according to protocol described by Bhattacharya and Satyan, 1997 . 39 The open field test was conducted on 14 th day after transient forebrain ischemia.
Actophotometer test (Locomotor activity)
Locomotor activity was assessed by using digital actophotometer. The motor activities were recorded for a period of 5 min by means of photocells and counters activated by the movement of rat across the light beam inside the actophotometer chamber. 40 Locomotor assessment was made in all the groups on 14 th day of ischemia.
Grip strength test
Grip strength was assessed by using digital grip strength meter. The rats were lifted by their tail to the height where the front paws were at the same height as the bar. Rats were then moved horizontally towards the bar until it became within reach. Visually checked to see the grip strength was good i.e. symmetric, tight grip with both fore limbs and exerting a detectable resistance against the investigators pull. Rat was gently pulled away until its grasp was broken. The pulling was at a constant speed and sufficiently slow to permit the rat to build up the resistance against it. The transducer was set to record the peak value and the procedure was repeated 3 times to obtain the best performance. 41 
Preparation of brain tissue homogenate
Brain was excised and cleaned with ice cold saline and stored at -20°C. Shorty before conducting the biochemical estimation, brain tissues were thawed and homogenized in phosphate buffer saline of pH 7.4, centrifuged at 4 0 C and the supernatant collected was subjected to assessment of various biochemical parameters. Excess supernatant of the brain tissue homogenate was stored at -20°C for any further use.
Determination of catalase activity
The brain tissue homogenate (1mL) was mixed with 5 mL of phosphate buffer pH 7.4 and 4 mL of 0.2 M H 2 O 2 in phosphate buffer and time was noted. Exactly 180 sec after adding H 2 O 2 , a set of 1mL of reaction mixture from the above was taken in 2 mL dichromate acetic acid. It was kept in boiling water bath for 10 min, cooled all the tubes under running tap water and finally noted the reading at 570 nm against reagent blank. Catalase activity in the tissue was expressed as micromoles of H 2 O 2 consumed /mg protein /min.
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Determination of lipid peroxidation
Lipid peroxi dation activity was determined by measuring the con tent of the thio-barbituric acid reactive substances (TBARS) using UV-Visible double beam spectrophotometer (Systronics 2201). The level of lipid peroxidation was expressed as milli moles of malondialdehyde (MDA) formed per gram wet tissue. 43 
Determination of glutathione peroxidase
Glutathione peroxidase was estimated using a standard protocol, and the glutathione peroxidase activity was expressed as micro molar glutathione utilized per mg protein per min at 37°C. 44 
Histopathology of brain
Cresyl violet (CV) staining was performed (to analyze the degree of neuronal survival in the CA1 and CA3 regions of hippocampus). At the end of behavioral studies, the rats were euthanized by sodium pentobarbitone (100 mg/kg body weight, intra peritonial). The brains were carefully dissected out, fixed in 10% formalin and processed for paraffin embedding. Six brain samples from each group were used and ten slices per sample were examined for histopathalogical study. The coronal sections were cut at 8 µm thickness using rotary microtome (Leica RM 2155, Germany). The sections were stained with cresyl violet as per standard procedure. 45 All slides were then evaluated under light microscope (ZEISS Axio lab A1, India).
Quantification of surviving neurons of CA1 and CA3 region
Quantitative analysis of cresyl violet stained cells was carried out by a person who was blind to the group of animals. The neurons in the control group and the surviving neurons from all the treatment groups in the CA1 and CA3 regions were quantified in 1mm 2 area focused using Axio cam ERc 5s (ZEISS) software. The total number of normal neuronal cell bodies (with normal cell membrane, nucleus and not darkly stained) were counted manually.
RESULTS
Effect of HAAG drug in transient forebrain ischemia induced oxidative stress in rat brain
Lipid peroxidation in BCCAO control group was significantly increased after ischemic reperfusion injury than the vehicle control ( Figure 1A , BCCAO Vs Vehicle, .01). HAAG drug administration, both at low and high doses considerably recovered the ischemic injury induced alterations of glutathione peroxidase levels, however the high dose significantly recovered the glutathione peroxidase as compared to ischemic control ( Figure 1B , BCCAO, ## p<0.01 Vs BCCAO + HAAG 400 mg/kg). Catalase activity was not improved in HAAG groups ( Figure 1C ).
Ameliorative effect of HAAG on locomotor defects in transient forebrain ischemia
Transient forebrain ischemia revealed highly significant reduction in total locomotion counts as compared to vehicle control ( Figure 2G , BCCAO control Vs Vehicle @ p<0.05). However, the counts were considerably increased in both doses of HAAG. But lower dose of HAAG group revealed better locomotion with significant increase in the number of counts as compared to ischemic 
Transient forebrain ischemia induced deficits in open field exploratory behaviors were ameliorated after HAAG treatment
Transient forebrain ischemia caused significant reduction in the total number of squares crossed by the rats (Figure 2 A, BCCAO Vs Vehicle, @@ p<0.01) and considerable decrease in the rearing and grooming behavior and number of fecal pellet expelled in the open field test as compared to vehicle control. Though rearing and grooming behaviors were found to be affected by ischemic reperfusion injury, it was not significant ( Figure 1C and D, ET-1 Vs vehicle). Treatment with both low and high doses of HAAG considerably increased the total number of squares crossed, however HAAG at 400 mg/kg showed significance ( Figure 1A , BCCAO, @p<0.05 Vs BCCAO + HAAG 400 mg/kg). Rearing behavior was also significantly increased at higher doses of HAAG ( Figure 1B , BCCAO, ##p<0.01 Vs BCCAO + HAAG 400 mg/kg). Recovery in grooming behavior was noted only in lower dose of HAAG group; however it was not significant as compared to BCCAO control.
Effect of HAAG on grip strength after transient forebrain ischemia
There was significant decrease in the grip strength of ischemic control group rats as compared to vehicle control ( Figure 2H , BCCAO Vs Vehicle, @@ p<0.01). Treatment with both low and high doses of HAAG considerably increased the grip strength. However, HAAG at 400 mg/kg group significantly improved as compared to ischemic control ( Figure 2H , BCCAO, ##p<0.01 Vs BCCAO + HAAG 400 mg/kg).
Effect of HAAG drug treatment on percentage survival of pyramidal cells of CA1 and CA3 regions of hippocampus in the transient forebrain ischemia
Microscopic qualitative examination of CA1 and CA3 regions of hippocampus within vehicle control group under high magnification revealed compactly arranged healthy pyramidal cells with nucleus, and intact cell membrane ( Figure 3, A and E) . The BCCAO control group of rats showed darkly stained, irregular shrunken pyramidal cells with narrow pyramidal cell layer with ectopic cells and increased pyknotic nuclei (Figure 3 , B and F). The intactness of pyramidal cell layer was maintained and overall recovery in neuronal morphology was evident after HAAG drug treatment, both in CA1 and CA3 subdivisions of hippocampus affected by ischemic reperfusion injury (Figure 3 
DISCUSSION
The evidence from preclinical and clinical investigations suggests that the global cerebral ischemic subjects have shown impaired memory, cognitive dysfunction and pathological damage in different brain regions. 46 In addition, transient forebrain ischemia is responsible for the induction of hippocampal injury. [47] [48] The data of present study indicated that a 60 min of forebrain ischemic insult in rat resulted in a massive damage to CA1 and CA3 hippocampal neurons (greater than 60% of the neurons died) when assessed at 14 th day after reperfusion (Figure 3 ). This degree of cell loss was similar to most published studies in rat and gerbil models of forebrain ischemia. [49] [50] [51] [52] [53] [54] [55] Global cerebral ischemia has been reported to cause marked decrease in the locomotor activity 15 days after global cerebral injury, which has been demonstrated in locomotor activity test. 56 Consistent with the studies mentioned above, decrease in the locomotor and grip strength was observed in the present study after 60 min forebrain ischemia. It has been reported that hippocampal damaged rats showed increased locomotor activity after treating with dopamine receptor agonists (D1 and D2) as compared to control rats. It suggests the involvement of dopaminergic mechanism and involvement of hippocampus in the locomotor activities. Interestingly, decreased locomotor activities were significantly attenuated by HAAG drug treatment for 14 consecutive days after ischemic reperfusion injury, which suggests that HAAG drug has therapeutic potential against ischemic reperfusion injury induced impaired locomotor activity. Transient forebrain ischemia caused significant reduction in the total number of squares crossed by the rats and considerable decrease in the rearing and grooming behavior and number of fecal pellet expelled in the open field test as compared to vehicle control. In the present study, treatment with HAAG drug escalated cognitive function in the open field exploratory test with considerable increase in the number of squares crossed and rearing behavior. This supports the promising effect of HAAG in enhancing cognitive behavior.
Results from the present study confirmed that massive tissue damage is directly associated with the induction of oxidative stress. In biological system O 2 -is inactivated by endogenous superoxide dismutase (SOD), while H 2 O 2 is decomposed to water by catalase (CAT) and the glutathione peroxidase (GPx). [57] [58] During brain ischemic reperfusion injury, reactive oxygen species (ROS) cannot be readily scavenged because of low activity of SOD, CAT and GSH. In biological systems, lipid peroxidation is found to be an important cause of cell membrane destruction and neuronal death. MDA, one of the major products of lipid peroxidation, has been extensively studied and measured as an index of lipid peroxidation. [58] [59] [60] [61] In the present study forebrain ischemic insult resulted in significant increase in the hippocampal MDA level and considerable depletion of hippocampal glutathione peroxidase and catalase. This suggests the forebrain ischemic reperfusion insult induced overproduction of reactive oxygen species (ROS), which caused hippocampal oxidative stress. The elevated levels of reactive oxygen species (ROS) generated during ischemic reperfusion injury, stimulate cells to secrete inflammatory cytokines and chemokines which subsequently cause the secondary ischemic damage. This is characterized by the infiltration of leucocytes and microglial activation. [62] [63] Therefore, drugs that have a wide spectrum of inhibitory actions on inflammation and oxidative stress may be useful in rescuing neuronal cells exposed to ischemia. In the present study, treatment with HAAG ( 400mg/kg) after ischemic reperfusion injury markedly attenuated the declined catalase and glutathione peroxidase activity in the hippocampal tissue; however only HAAG administered at 400 mg/kg has significantly increased glutathione peroxidase as compared to ischemic control group. The protective effect of HAAG against oxidative stress caused by forebrain ischemia could be assessed by enhancing the cerebral activity of endogenous antioxidant enzymes or by scavenging and preventing ROS generation in brain tissue. In the present study, rats were treated with HAAG at 200 and 400 mg/kg immediately after ischemic reperfusion injury and continued for fourteen consecutive days that led to significantly decreased brain MDA levels as compared to ischemic control group. This protection given by HAAG drug may be due to the antioxidant property. From the earlier studies it appears that the ethanolic extract of rhizome of A. galanga had shown significant antioxidant activity determined by 2, 2 diphenyl-1-picrylhydrazyl (DPPH) and oxygen radical absorbance capacity (ORAC) methods. 34 In another study, the various fractions of ethanolic extract of rhizome of A. galanga showed significant antioxidant activity in Aβ.Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] intoxicated mice brain where the endogenous antioxidant enzymes such as SOD, catalase, glutathione peroxidase and vitamin C were restored to a significant level. The lipid peroxidation was significantly lowered as compared to Aβ. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] intoxicated control group. 32, 33 Also, similar effect of ethanolic extract of A.galanga against elevated TBARS level and depleted SOD, catalase and glutathione peroxidase in kidney tissue of fructose induced metabolic syndrome in rats was reported elsewhere. 64 The hippocampus is an important area of brain which regulates memory and cognitive function. It has relatively a poor blood supply and the inhibitory interneurons are in deep intraparenchymal structures and hence they are more susceptible to factors such as hypoxia, ischemia and hypoglycemia. 65 The microscopic examination of CA1 and CA3 regions of hippocampus under high magnification revealed compactly arranged healthy pyramidal cells with nucleus and intact cell membrane in the vehicle control. The forebrain ischemic control rats showed darkly stained, irregular pyramidal cells with narrow pyramidal cell layer (PCL) with increased pyknotic cells (PC) and ectopic pyramidal cells (EPC). The PCL was intact and percentage live cells were markedly increased in HAAG administered group in a dose dependant manner as compared to ischemic control. This might be due to the antioxidant and ROS scavenging activity of A. galanga, which might thus have a protective role in the ischemic reperfusion, induced oxidative stress.
CONCLUSION
The behavioral, biochemical and histopathalogical findings of the present study indicate that the rhizome of Alpinia galanga confers neuroprotection against transient forebrain ischemic insult by attenuating neuronal injury and oxidative stress in hippocampal tissues.
